Introduction
The Peruvudaiyaar Koil is known as Sri Brahadeeswarar Temple is located in Tanjavur, the capital city of ancient Cholas' Kingdom, Tamil Nadu, and India. The temple is built by the Great Chola-King Raja Raja I in the 10 th Century AD, is an outstanding example of Cholas' Architecture. The apex of the tower (Photograph 1a) is the octagonal single stone granite piece of 81.25 tons [1] . The temple was constructed by granitic rocks. The decay of granite has been well known to architects and conservators of historical temples, buildings and monuments since the days of early civilization. The objectives of this article is to describe the total impacts of weathering agents on an granite stone sample after the construction of a temple which was constructed by chiseled granite stones exposing fresh outer surfaces. The common constituents in granite are alkali-feldspar and quartz which are very inert to chemical weathering under ordinary physical environment over a period of time [2, 3] . The intensity of chemical weathering of feldspar affects only a few micron thicknesses from its outer surface during the period of several hundreds of year's duration. An attempt was made to study on the impacts of physical environment of the weathering processes over the geochemical compositional variations of feldspars due to weathering.
II. Climatic Condition
The temple is located in an alluvial plain of Cauvery Delta. The nearest coastline is located about 80 km from Thanjavur. However, the present climatic condition may be extrapolated to the past one thousand years. Weathering index is modified to suit the weathering of feldspar grains, the predominant mineral in granite.
Photograph 1a shows the view of the Peruvudaiyaar Koil, Thanjavur, Tamil Nadu, and India. The ranite patina is seen in the temple at the basement. It exhibits weathering in association with development of scale along shear joints.
The prevailing weathering condition is hot and dry tropical weathering. The location of the temple is 10 o 46'57.52N-79 o 07'52.69"E. Groundwater table lies5 m below ground level which is 40 m above mean sea level (msl). The annual rainfall is below 1000 mm. The land surface is covered with younger alluvial soil composed of over 70% of silt particles. The mean annual temperature is 29 o C. It is a flat deltaic terrain with 10-50m elevation above msl. In Thanjavur no coal based industries polluting atmosphere with CO 2 , and SO 2 are seen. Therefore no significant production of gypsum or kaolinite by atmospheric action in rainwater by these CO 2 and SO 2 emissions in a short period is identified [4] The Cauvery River flows just south of the temple about 10 m from the outer wall of the temple and about 130 m from the centre of the temple sanctum. Thanjavur is the 11 th largest city in Tamil Nadu and its population is 221,190 according to the Census 2001. The Great Living Chola-Temple is an UNESCO World Heritage Monument. Nearest sea port is Nagapattinum located at 84 km east from Thanjavur. Prolonged periods of such climatic conditions may lead to spheroidal weathering of granite bodies comprising with strike, dip, oblique and sheet joints. Due to tropical differential weathering granite blocks separated by joints are formed as boulders which latter subjected to exfoliation with peeling of thin shells at the outer portion, leaving a hard and compact fresh spherical core portion. Granite bodies of horizontal outcrops and granite bodies covered with soils of 1 or 2 m thick, often subjected to development of horizontal sheet joints, probably due to differential weathering and release of overburden.
III. Selection of Sample
A broken piece of weathered scale of a pink granite patina from the Peruvudaiyaar Koil, Thanjavur was collected and selected to study the impacts of weathering processes acted during the course of past one thousand years after the construction of the temple. The broken very small piece of projected outer skin scale of the pink granite plate-let was subjected for this study. The exposed portion is subjected to sheet jointing and peeled off from the main rock. Below the weathered granite skin, the bottom portion of the granite appears to be very fresh. Owing to available accessibilities, only one sample was obtained for this study from the temple authorities. The sample was collected from a broken piece of a granite patina which located at the northern wall of the main temple. The granite patina was laid in the construction perpendicular to the ground surface at plinth level (Fig. 1b) . The pink-granite sample is essentially composed of alkali feldspars and quartz with accessory minerals of biotite, magnetite and hornblende. Thin bands of grey coloured amphibolite layers mainly composed of hornblende and biotite are oriented along the foliation planes of the pink granite are seen. A few chips were cut for preparation of thin sections for megascopic, mineralogical and petrographical examinations. The granite sample was generally attacked by the weathering agencies like wind, rainfall, atmospheric pressure and temperature prevailed during the past one thousand years. More importance was paid to study the outer surface of the altered granite sample by observing the presence of thin films and coating over the granite sample. The granite sample is predominantly composed of feldspar grains over 60%. Hence study of weathering of feldspar grains was focused. The weathering of feldspar is very similar to rusting of cast iron with development of patches and films of iron oxides on its surfaces. By megascopic examinations, it is known that the outer surface of the sample was subjected to alteration by different degree of weathering intensity from place to place and grain to grain and even point to point of a single grain on its outer surface. Unpolished raw feldspar grains for electron microprobe analyses were selected by observing their sizes, shapes, crystal morphologies, orientations, close to micro cavities and altered patches over the grain.
IV. Methodology
The engineering properties of porosity and permeability of the rock materials were determined in the Civil Engineering Laboratory at Indian Institute of Technology Madras. Megascopic examination of physical characteristics of the granites sample was carried out. Thin section of the granite sample was cut and doubly polished with a standard thickness of 0.03 mm and pasted on a glass plate using Canada-balsam with a coverglass and studied under polarizing microscope passing polished light through the thin sections through lower nicol prism at varying magnifications. The mineral grains are also examined under upper cross nicol positioned 90 o to the lower nicol settings in the microscope above the thin section. Outer weathered surface of unpolished flat sample (5 x 4x 3 mm 3 ) was studied directly under scanning electron microscope Micronsperpixy-0031 attached with EDAX probe analyzer in the Metallurgical Laboratory of Indian Institute of Technology, Madras.
The scope of scanning electron microscope study is to investigate the outer morphology of weathered feldspar grains and to find out the intensity of weathering process affected the feldspar grains in the rock. Preparing a flat surface at the bottom, the rock sample is fixed with glue sticker paper on an inert disc with 0.00 o tilt. Feldspar grain was selected by observing crystal structure of the mineral grains. Outer surfaces of the weathered skins of feldspar grains under the scanning electron microscope at varying magnifications under Micronsperpixy 0031 attached with EDAX microprobe analyzer were examined. Back scattering images were taken for mineral phase analyzes and identifications. Based on crystal morphological characteristics of feldspars, outer surfaces of three grains were chosen for microprobe analyses. The probe analyses were carried out on length and breadth of feldspar grains to study the systematic geochemical weathering pattern on the outer surface of the grains. In the first grain 7 analyses were carried out in longitudinal direction and in the second and third grains 5 analyses were carried out in longitudinal directions. Width wise 4 analyses were carried out in all the three grains on either sides of the central point (Plates I, II, III and Table 1, 2 and 3) . In order to reduce anomalies in chemical elemental variations, only selected elements commonly present in feldspars, namely, O, Si, Al, Fe, Ca, Na, K are analyzed. The elemental analyses were recalculated to their oxide proportions. Based on oxide (number of elemental ions in wt. %) proportions cations [5] and anions on the basis of volume proportions in structural formula of 32 (O) for feldspar [6] were calculated. Anion calculation is useful to study the replacement of one mineral by another by exchange of one anion of a particular element by one anion of other element without any volume changes [7] . Such calculation is also explains order-disorder relationships of feldspar and its structural coordination. Fresh feldspar do not exceed or deficient over 0.5 anions from its standard structural site.
In order to study, impact of weathering processes on feldspars both chemical leaching and new mineral formation are taken into account. A new chemical weathering index for feldspathic component is proposed after careful reviewing the formulae proposed for chemical weathering indices for rocks and soil materials [8, 9, 10, 11] . The intensity of weathering depends on the mobility and immobility of the major ion present in the rock / mineral. In feldspars the mobile anions are Si, Na, K and Ca and the immobile ions are Al and Fe. The chemical leaching index (CLI) is proposed by using the differences between total volumetric concentration of mobile ions in fresh feldspar grain as per formulae unit is 16 (i.e. 12 for tetrahedral site Si ''' ) formulae unit of fresh feldspar. Total Chemical Weathering Index (TCWI) can be calculated using the following formula TCWI = (CWPI+CLI) /2. Highly weathered feldspar has higher degree of TCWI. The negative values of CLI, CWPI and TCWI indicate that even the outer surfaces of feldspar grains are subjected very limited decay by differential weathering over the period of one thousand years after the construction of the temple.
Using, analyzed weathered material formed at the outer skin of feldspar grain, an attempt is made to recalculate normative feldspar proportions on the basis of cations of Rittmann's norm [5] . Required alkalis, alkaline earth (Ca) and silica cations are utilized for normative proportion of residual feldspars. All iron cations are considered to be ferric iron and allotted for anorthite feldspar proportions in the place of alumina. After allotting normative proportions of feldspar constituents, excessive cations of Si, Al, Ca, Na, and K are treated as the chemical composition of weathered materials derived from in situ weathering of feldspar grain. Rittmann's normative calculation of stable igneous mineral assemblages in weathered materials gives co-existing mineral phases of potash feldspars and plagioclases consisting of varying proportions of or, ab and an proportions in feldspars. Assumed that the normative proportion of feldspars calculated represents the mineralogical composition of residual feldspar and the mobile (Si, Ca, Na, K) and immobile (Al) cations (iron as treated as ferric iron and added to Al cations to calculate anorthite cations) and the excessive cations remained after calculation of normative feldspar component are treated as weathered products of quartz, kaolinite and carbonates. Thus R Al approaches to 0. CWPI is assumed to be a maximum value of -999. The site exposed to differential weathering (core-centre portion) have higher degree of CLI, CWPI and TCWI. Omitting normative proportions of feldspars from the compositions of the weathered material (outer surface of grains of feldspar investigated) residual cations of mobile and immobile cations were calculated. If the residual cations were derived from weathering of original feldspar, the losses of cations proportion were recalculated, assuming that they were lost by chemical leaching of feldspar. Then the difference between the normative proportion of feldspar components calculated and the cations lost were determined and again the distribution of mobile and immobile cations were calculated by further refining the data (Table 1, 2, 3) . From bulk composition of analyzed weathered material, it is necessary to subtract feldspathic cations to estimate residual cations left out in the weathered product. Similarly residual Al" and Ca+Na+K" are calculated by subtracting necessary cations from the bulk composition of weathered materials.
V. Experimental Analysis 1. Petrographical Investigations
The rock sample is pink in colour. The colour is mainly due to presence of pink coloured feldspar grains. The granite is inter-layered with alternate bands and layers of amphibolites mainly composed of hornblende and biotite. It is a hard and compact medium grained to coarse-grained holocrystalline rock with glistening grains of vitreous quartz and feldspar with specks of dark green biotite, hornblende and magnetite.
The rock exhibits interlocking mosaic grains of quartz and feldspar. Both bluish green and yellowish biotite and hornblende are seen. In places orthoclase is subjected to deuteric alteration with dispersion of small flakes of sericite in orthoclase. Thin sections show cross sections of fresh mineral grains without any symptoms of weathering features. No secondary minerals formed by weathering alterations are seen in thin sections.
However, features of kaolinization and sericitization of feldspar are seen in some parts of thin sections of the rock. This feature of kaolinization appears to be primary alteration formed during the course of deuteric or metasomatic alteration by hydrothermal processes and not by weathering actions. Thin section studies under polarizing microscope; it is possible to distinguish precipitated films and patches of secondary minerals without any specific crystalline features from the well crystallized secondary minerals formed by post-magmatic changes. The secondary minerals formed by post magmatic processes are always much older than the minerals precipitated by chemical weathering, since the latter exhibits depositional film or precipitated aggregates.
During thin section preparation such features are totally removed off. The rock exhibits hypidiomorphic granular texture with interstitial grains of quartz amidst feldspar grains without any symptoms of presence of weathered products. The rock is composed of quartz 35%, sodic oligoclase 28%, orthoclase 24%, microcline 10%, biotite 1%, hornblende 1%, magnetite 0.5%, pyroxene and other accessory mineral is of 0.5% in volume proportion.
Mineralogical Investigations
Thin sections of the rock show that most mineral grains appear to be very fresh and little altered by weathering. However incipient marginal zoning is found around oligoclase. Both perthite with blebs of sodicoligoclase (An 8 -An 12 ) and microcline with gridiron twinning are seen. The shape of feldspar grains varies from lath / prism shaped to subhedral grains. Both feldspars and quartz grains appear to be almost equigranular with intersertal mosaic texture. The size of feldspar and quartz grains widely varies from less than 1 mm to 3 mm dimension. The ratio of length and breadth of feldspar and quartz grains varies from 8:1 to 1:1. Quartz shows primary alterations with development of irregular and corroded outline in places and these features are due reaction of quartz with residual magmatic liquids during its growth. This feature does not represent any symptom of weathering action. Compositions of potash feldspars vary from or 40 -or 100 and an 0 -an 46 . The rock belongs to granite with significant amount of quartz in equal volume proportions of plagioclase and potash feldspars. Biotite and sericite are present as significant accessory minerals. Hornblende and magnetite are other accessory minerals present in the rock. Potash feldspar / perthite showing one or two blebs or lamellae of albite to sodic-oligoclase (an 8 -an 12 ) is the predominant mineral found in the rock. Microcline showing gridiron twinning is also found. Oligoclases showing polysynthetic twinning are rarely seen. Their anorthite content ranges from albite to rarely calcic oligoclase (Ab 100 An 0 -Ab 64 An 36 ). Some potash feldspars show relics of twinning lamellae of oligoclase indicating the rock was subjected to post-magmatic potash metasomatism due to formation of potash feldspar replacing oligoclase and its twinning lamellae. Kaolinite formed by deuteric alteration of potash feldspar is also seen. Thin plates of kaolinite and fine flakes of sericite are distributed along the cleavage planes of feldspars. Though potash metasomatism, deuteric alteration and chemical weathering are similar processes that taking place by dissolution and re-precipitation but with relative solubility of the mineral phases in the fluid phase respectively of lowering of temperatures towards chemical weathering [12] . Chemical weathering at atmospheric conditions cannot produce high temperature sericite and kaolinite. Formation of fine flakes of sericite and thin plates of kaolinite indicate that they were formed at much higher temperature and fluid regime than that of chemical weathering conditions. According to Fitzner and Heinrich [13] chemical weathering state is restricted only to environmental conditions of atmospheric temperature and humidity over a period of a few hundred years.
Scanning Electron Microscopic (SEM) Study
Using SEM, the ratios of lengths (32μm; 93μm, and 64μm) and breadths (4μm, 54μm, 18μm) ) of the feldspar grains respectively vary from the grain 1 to 2 and 3 respectively are 8:1, 2:1 and 7:2. However the thickness of the grain III is fairly stout in nature with steeply dipping edges on both sides. SEM examination reveals presence of films and patches at the outer margins of the grains or in the cavities found adjoining feldspar grains. Under higher magnifications, the feldspar grains appear to be euhedral or idiomorphic in form with well developed crystal faces. The grain I is euhedral cylindrical prism in shape. The cylindrical shape of the grain is revealed only by SEM examination. In polarizing microscope, it may appear to be a lath shaped feldspar with high length and breadth ratio. It is a contact twin with a twin plane (010) under Carlsbad law. The grain is branching out into two along a common twinning plane. The twinning plane seems to be subjected to alteration with development of staining. A number of micro-cavities are present at the contact of the cylindrical grain. The grain 2 appears with (010) form. At the top of the grain is subjected to gliding and alteration along a cleavage plane. The bottom portion is projected above the surface with a micro-cavity. A number of patches and staining are found on the surfaces of the grain II examined. Projections of interpenetrating twins are also found in the near top of (010) face. A number of patches and stains are seen over the grain 3. Peripheral micro-cavities are seen around the grain. The morphology of the three grains shows that they were rapidly crystallized from the magma under high temperature condition. SEM studies reveal that presence of micro-cracks of varying dimensions (less than 1μm to 22μm and shapes (triangular, prism shaped and cavernous) at the contact of feldspars. However most of them appear to be open and are limited to a depth of 2 to 5μm. Though under higher magnification the rock appears to be porous in nature, the pores are not interconnected and are isolated. The permeability of the rock tested under atmospheric pressure and temperature, is 0. The porosity determined at vacuum condition is 0.13 %. These engineering properties are well coincided with SEM observations. SEM observation reveals that the outer surface of the rock is irregular and very rough in nature. Under higher magnification, SEM reveals that presence of innumerable patches or staining on the surfaces of mineral grains studied. The mineral grains formed by weathering or staining of feldspars show euhedral forms but it is difficult to identify such altered minerals owing to their small sizes with measuring their optical properties. With limited crystal morphological features, unknown minerals cannot be identified. Using SEM optical properties of such fine minerals cannot be studied. Further the scope of the investigation is different. Alterations due to weathering are extensively seen along grain boundaries, close to micro cavities, cleavage planes, micro fractures at the contact plane / edges of two faces, twinning planes and at the exposure-places where the mineral directly oriented facing the direction towards the impacts of weathering agents. Staining is often found as patches and may be caused by surface tension phenomena encountered by hydrophilic and hydrophobic nature of mineral face subjected to alteration. Micro-cavities and pores play critical role on the wetting and dry condition during rain drops rolling down [14] VI.
Geochemical Variations
The structural formulae (Table 1, 2,3 ) calculated on the basis of 32(O), reveal that the compositions of weathered materials present on the surfaces of feldspars [6] greatly deviate more than 0.5 ions from normal structural formulae of original fresh feldspar compositions indicating that they are the mixtures different proportions of kaolinite, carbonates, silica and residual feldspars. The tetrahedral (Si) greatly excess over 12 in the analyses of weathered materials for the feldspar grains 1 and 2 and they are deficient for the weathered materials developed on the feldspar grain 3. The excess of tetrahedral site over 12 ions are due to enrichment of residual silica by release or dissolution of equivalent Al and Ca+Na+K ions. The enrichment of Al and Ca+Na+K in the grain 3 reveals that the weathered material is subjected to dissolution and removal of silica with equivalent precipitation of kaolinite and carbonates of calcium and alkalis. Ferromagnesian minerals like biotite, hornblende and magnetite are oxidized and coated as patches at some places of feldspar grains indicating early stages of oxidation and weathering. Al is greatly deficient in its six fold co-ordination and Fe could not compensate this deficiency to 4 as Fe ''' . Similarly, in octahedral site is also vacant due to insufficiency of (Ca+Na+K) ions in grains I and II but they are abundant with Si deficiency in grain III. Hence, the analyzed portion of the feldspar component ideally deviates from the structural formulae of feldspars subjected to magmatic differentiation or metasomatic changes during the course of their geneses. Only weathering alterations should be caused for these deviations. The addition and subtraction diagram of anion proportion on the basis of 32(O) indicates dissolution and removal of Al and Ca+Na+K with accumulation of residual silica (quartz) is seen in grains I and II in contrast to grain III (Fig. 1a) . A linear negative correlation is found between the distribution of Si versus (Ca+Na+K). This indicates presence of significant amount of leaching effect on the feldspars during the course of weathering (Fig. 1b) . The normative calculation reveals that presence of excessive Si ions in the weathered products grains I and II but Si is deficient in grain III. However, the weathered product of feldspar grain III, shows excessive cations of Ca, Na and even K with significant reduction of anorthite cations in most weathered surfaces (Table 1, 2, 3 ). This feature indicates that the silica deficiency was entirely utilized for the formation of clay (kaolinite which requires lower quantity of silica-SiO 2 46% (than alkali feldspar SiO 2 68%) in addition to formation of carbonates. An attempt is made to calculate the co-existing Plate I showing the presence of a cylindrical shaped twinned feldspar grain branched out at the top. The contact twinning plane is subjected to staining due to weathering. A number of triangular and linear microcavities are seen between various mineral grains. Under high magnification, lath shaped feldspars in polarizing microscope appear to be in cylindrical shape. They have high ratios of length and breadth in polarizing microscope. Branching is due to twinning of two individual grains growing together.
Normative proportion [5] of potash feldspar (kfs%) and plagioclase (an%), the results show that potash feldspar proportion increase with accommodation of more of albite constituents. On the other hand, anorthite content in plagioclase increases with expulsion of albitic constituents with decreasing proportion of plagioclase component (100-kfs%). The grain II contains plagioclase of higher anorthite content (oligoclase to andesine) than the other two grains (ranging between albite and oligoclase). Andesine bearing granites are also common. Presence of excessive cations of Si, Ca in the grain I and II and Al, Ca, Na and K in grain III indicates Plate II showing a potash feldspar grain with (010) crystal face. A cylindrical interpenetration twin of potash feldspar (20 x that the outer skin of the feldspar grains are affected by weathering processes. As the intensification of course of weathering, the differentiation trend moves towards lowering of plagioclase component with a steady decrease in anorthite content. The residual feldspar components vary from 36 to 0 with depletion of plagioclase component and increase of orthoclase content from 24 to 100. The plagioclase thus released is converted to carbonates by weathering (Fig. 1c) . Orthoclase and albite proportions are steadily increase during the course of extensive weathering (Fig. 1d) . The Fig.1e shows that enrichment of residual quartz relative to residual carbonates in grains 1 and 2. On the other hand, dissolution of residual quartz with enrichment of residual carbonates is predominant in the grain III. The proportions of residual weathered materials against residual feldspars indicate, that the grains I and II are significantly enriched with feldspathic components. The degree of weathering is greater owing to abundance of weathered residual materials against feldspathic components in the grain III (Fig. 1f) . Fig.1g and 1h together indicate that the residual orthoclase component is greater in the grain III than in other feldspar grains. A linear negative correlation is seen with decreasing of residual Si against normative feldspar proportions (Fig. 1i) . The Fig. 1j ) reveals the zonal variation of cations in the grain I to III. Si and Al cations play a critical role in the chemical weathering of feldspathic components in the grain I and II and Ca+Na+K in the grain III. Close to cavity, negative indices are seen indicating depositional environment. Negative values are prominent in the second and third grains.
Plate III showing a highly corroded ad altered feldspar grain with a number of pits and cavities. Intergranular cavities raging in width from 10 to 15μm are seen. The peripheral cavity reveals that the feldspar grain is fairly stout in form with steep dipping towards the micro-cavity having a depth exceeding over 15 μm.
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VII. Discussion
Feldspars comprise nearly two-thirds of in all granitic rocks. Leaching of feldspars dulls the polish of light reflecting surfaces and forms a thin pale grey clay film. Granite tends to weather from outer surface inward to interior portion in millions of years. The degree of weathering strongly determines the rock strength and durability. However, the rate of weathering is difficult to evaluate because of too many natural factors influence the natural weathering processes. Silicate minerals have tight crystal lattices with Si-O tetrahedra acting as the skeleton to which Al, Fe and other Ca, Na, K, Mg, Fe cations are attached. The tightness of such lattices determines the case of separation from the almost inseparable SiO 2 molecules. Leaching or dissolution can unlock and free some or all of these ions and fill the void spaces with water; as chemical weathering continues, clay and quartz grains remain in the material attached to the surface of the clay minerals. Na is readily concentrated in the soil. H + ions with their high charge tend to penetrate the mineral surfaces readily breaking down the silicate structures. The parent mineral breaks down with the release of cations whereby the silica in the rock may either retain its original atomic arrangement or enter the dispersed state. CO 2 discharged water doubled the leached rates for Ca, Mg, Na and K. Orthoclase or sericite is much more sensitive to CO 2 charged waters than are other minerals. The naturally weathered surfaces of feldspars are rough, pitted and covered in inorganic and organic debris and reaction products. Leaching 3.5% NaCl solution almost doubles the loss of ions and increases the loss of Fe by an alarming factor of [15] . Pink granites have notable amount of fluid inclusions of up to sizes of 15μm in feldspars and quartz. Such fluid inclusions have varying volume proportions and concentrations of brine solutions, sylvite (KCl) and halite (NaCl) daughter minerals. Breaking down of minerals containing these fluid inclusions during the weathering process and dissolution in rain water promotes weathering activities. Solubility of silica in rain water as a function of the temperature in the pH range between 2 and 8, further the solubility increases rapidly at pH 11 and above, in alkaline state Smaller the grain size intensity of solubility increases.
These grains are enriched with orthoclase components. A crude zonal geochemical variation is seen around the feldspar grains analyzed both in longitudinal (7 or 5) and horizontal directions (4). Though 4 th or 3 rd analyzes in the longitudinal direction is representing the composition of central portion and hence only two analyses were carried out on either side of the horizontal direction. From the cylindrical shape of the grain 1, it is known that the central portion might be exposed to intensive weathering than the peripheral portions and it might be opened inner portion of the mineral by spheroidal weathering. However, the peripheral portions are situated close to micro cavities formed at the contact of the feldspar grain. The grains II and III are appeared to be broken pieces of feldspar grains exhibiting the crystal form of (010). Hence the central portions of these grains might be nucleus of the early formed minerals. The crystal growth of these minerals is controlled by crystal field stabilization theory. The early formed feldspar crystals are deposited over the crystal projections, edges and solid angles than in the flat faces. There exist compositional differences between the early formed feldspar minerals than the later formed minerals. Generally more anorthite / plagioclase molecules concentrate in the early formed feldspar at the core. Plagioclase grains are normally zoned with plagioclases of lower anorthite contents during the course of crystallization and differentiation from common parent magma. However, due to changes of kinetic processes due to upward movement during the course of crystallization from the magma oscillatory zonings might be formed. Reverse zoning i.e. presence of plagioclase layers with increasing anorthite content around the feldspar grains may be formed by swirling currents developed in the magma or by some metasomatic processes. Several different magmatic and metasomatic processes involved during the course of crystallization of feldspars often reveal their complex evolutionary trends. The compositional changes of feldspar grains during their growth should be adequately correlated with the compositional variations caused by weathering processes. During weathering geochemically mobile elements, such as silica, alkali and alkali-earth elements are easily leached from rocks, leaving the residual immobile elements of Al vi and Fe"' to combine with feldspathic components from the atmosphere to form new minerals. Some of the free silicon ions that existed during weathering of the rocks formed as clay minerals and the others moved away as colloid in a solution. Because of the low solubility of Al 2 O 3 , it tends to concentrate in residual weathering products rather than solutions. CaO and Na 2 O decrease quickly during the early stages of weathering as a result of the alteration of epidote and hornblende ± plagioclase [16] . Some Ca and Na are probably fixed on the newly formed alteration products, such as in clays.
VIII. Conclusions
The present study shows that the three grains of feldspar analyzed from the granite patina collected at the Peruvudaiyaar Koil are subjected to alteration of kaolinite and carbonates in patches on the outer surfaces of the grains in different proportions. The grains 1 and 2 are extremely enriched with residual Si ions by dissolution and removal of Al by removal of kaolinite and precipitated insoluble carbonates of Ca, Na, and K by differential weathering with relicts of quartz by direct attack of differential weathering. The orientations of these two grains are directly exposed to the direction of weathering agents such as rainwater and atmosphere. On the other hand precipitation of kaolinite and carbonates took place due to different type of orientation of grain III exposed in the shadow regions associated with some cavities to the direction of differential weathering. The differential weathering, mainly by the attack of rain water during the course of the past one thousand years has induced significant weathering effects on the outer surface of feldspar grains. These variations are mainly due to their different sizes, shapes, and orientations of feldspar grains as well as their associations with adjoining micro-cavities, cleavage planes, micro fractures and their hydrophilic and hydrophobic characteristics of their outer surfaces. The significant chemical changes are incurred due to the impacts differential weathering processes which warrant for the need of adequate protection of the sculptures of temple by coating with weather proof paints.
